Introduction
============

Almost a century ago, a linear correlation was observed between gestational age (GA) and foot length (FT) in 704 human fetal specimens from around 50 days postconception until birth.[@b1-ijwh-9-199] The correlation has been confirmed by studies in utero,[@b2-ijwh-9-199]--[@b6-ijwh-9-199] in abortus,[@b6-ijwh-9-199]--[@b8-ijwh-9-199] or in stillborn,[@b9-ijwh-9-199],[@b10-ijwh-9-199] and in neonates to other measurements.[@b11-ijwh-9-199] Normograms for the first trimester and later gestation have been constructed for assessment of GA. However, there is less information on the correlation of fetal FT to the other parameters in the early part of pregnancy. This information may be helpful when fetal abnormality is suspected at an early gestation.[@b12-ijwh-9-199],[@b13-ijwh-9-199] In this paper, we explore the relationship of fetal FT with the other fetal measurements at 10--16 weeks gestation.

Materials and methods
=====================

During the period from March 7, 2014 to September 7, 2016, women attending an obstetric clinic with normal pregnancies were recruited. A transabdominal ultrasound scan was performed as a part of antenatal assessment (Accuvix V20 Prestige, Medison with 4--8 MHz volumetric transducer or EPIQ 7, Philips with X6-1 matrix transducer). Fetal measurements in millimeters were taken, including biparietal diameter (BPD), head circumference (HC), abdominal circumference (AC), femur length (FL) and FT. The crown rump length (CRL) was measured if the patient presented at \<15 completed weeks of pregnancy. Cases were excluded if the entire foot could not be clearly visualized during the ultrasound examination. The fetal FT was taken as the longest distance from the most posterior point of the foot to the tip of the first or the second toe, whichever was longer ([Figure 1](#f1-ijwh-9-199){ref-type="fig"}). The estimated GA in weeks was calculated from the last normal menstrual period or from the first trimester dating scan if there was a discrepancy of more than a week. The ultrasound examination was performed as a part of routine antenatal assessment to the patients' understanding. Therefore, no written consent was signed and the patients remained anonymous in the study. Although the fetal measurements were taken prospectively, this was a retrospective analysis involving negligible risk. It conformed to the standards established by the Australian Government National Health and Medical Research Council (NHMRC) not requiring ethical review (Clauses 2.1.7, 5.1.22, 5.1.23), and ethics approval was not sought within the institution.[@b14-ijwh-9-199]

Results were analyzed with Statistical Package for the Social Sciences version 17.0 (SPSS Inc., Chicago, IL, USA). A two-sided probability (*P*) value of \<0.05 was considered statistically significant.

Results
=======

Forty-seven women at 10--16 completed weeks of pregnancy were recruited. The mean and standard deviation of their age, gravidity and parity were 32.2±4.3 years, 2.3±1.5 and 0.7±0.7, respectively.

The fetal FT (mm) is plotted against the GA (weeks), as shown in [Figure 2](#f2-ijwh-9-199){ref-type="fig"}. The BPD, HC, AC, FL and CRL (mm) are plotted against FT in [Figures 3](#f3-ijwh-9-199){ref-type="fig"}[](#f4-ijwh-9-199){ref-type="fig"}[](#f5-ijwh-9-199){ref-type="fig"}[](#f6-ijwh-9-199){ref-type="fig"}--[7](#f7-ijwh-9-199){ref-type="fig"}, respectively. A linear relationship was observed between FT and BPD, HC, AC, FL and CRL (*P*\<0.001). The graphs of fetal FL to FT ratio against the FT and the GA are shown in [Figures 8](#f8-ijwh-9-199){ref-type="fig"} and [9](#f9-ijwh-9-199){ref-type="fig"}, respectively. The graph of the ratio of FL to AC against the GA is shown in [Figure 10](#f10-ijwh-9-199){ref-type="fig"}. The regression models for [Figures 2](#f2-ijwh-9-199){ref-type="fig"}[](#f3-ijwh-9-199){ref-type="fig"}[](#f4-ijwh-9-199){ref-type="fig"}[](#f5-ijwh-9-199){ref-type="fig"}[](#f6-ijwh-9-199){ref-type="fig"}--[7](#f7-ijwh-9-199){ref-type="fig"} are shown within the legend for each figure and are summarized in [Table 1](#t1-ijwh-9-199){ref-type="table"}. The Pearson coefficient is 0.992 for intraobserver correlation (*P*\<0.001) and 0.990 for interobserver correlation (*P*\<0.001) in the measurement of fetal FT.

Discussion
==========

The fetal FT showed a linear correlation with GA, BPD, HC, AC, FL and CRL between 10 and 16 weeks gestation (*P*\<0.001; [Figures 2](#f2-ijwh-9-199){ref-type="fig"}[](#f3-ijwh-9-199){ref-type="fig"}[](#f4-ijwh-9-199){ref-type="fig"}[](#f5-ijwh-9-199){ref-type="fig"}[](#f6-ijwh-9-199){ref-type="fig"}--[7](#f7-ijwh-9-199){ref-type="fig"}). The correlation was the highest with HC, with the adjusted *R*^2^ being 0.950, followed by BPD (0.945), AC (0.943), FL (0.937), GA (0.816) and was the least with CRL (0.798; [Table 1](#t1-ijwh-9-199){ref-type="table"}). This is consistent with the histologic findings that the fetal FT bears a linear relationship with the GA, even at an earlier gestation.[@b15-ijwh-9-199] As fetal FT is noted to be independent of gender, environmental tobacco smoke, maternal smoking and alcohol consumption in human abortus up to 69 days postconception[@b15-ijwh-9-199] (or below 12 weeks by last normal menstrual period), it could be used to estimate the fetal GA, even at an early gestation, as observed in previous studies.[@b1-ijwh-9-199],[@b2-ijwh-9-199],[@b8-ijwh-9-199]

The GA could be estimated from the FT by the following equation ([Figure 2](#f2-ijwh-9-199){ref-type="fig"}; [Table 1](#t1-ijwh-9-199){ref-type="table"}): $$\text{GA} = 0.335 \times \text{FT} + 8.845\ (\text{adjusted}\ R^{2} = 0.816,P < 0.001)$$

Among all fetal parameters measured in our study, the correlation was the best between the fetal FT and HC. The HC could be estimated from the FT measurement by the following equation ([Figure 4](#f4-ijwh-9-199){ref-type="fig"}; [Table 1](#t1-ijwh-9-199){ref-type="table"}): $$\text{HC} = 4.407 \times \text{FL} + 31.324(\text{adjusted}\ R^{2} = 0.950,\ P < 0.001)$$

All the fetal measurements are in millimeters and the estimated GA is in weeks.

In our study, CRL, though showing a linear correlation with the fetal FT, had the least correlation with the fetal FT among the measured fetal parameters ([Table 1](#t1-ijwh-9-199){ref-type="table"}). There was a wider scatter compared with the other measurements ([Figure 7](#f7-ijwh-9-199){ref-type="fig"}). It is known that there could be variation of CRL measurement as a result of fetal flexion or extension. Although, in current practice, CRL is commonly used to assess the GA in early pregnancy, a combination with other parameters, for example, BPD, HC or FT, could be helpful in increasing the accuracy.

Nowadays, more and more fetal abnormalities could be detected in an early gestation. The fetal FL to FT ratio of 1 is often used in prenatal diagnosis of fetal skeletal dysplasia.[@b16-ijwh-9-199] In this study, the fetal FL to FT ratio increased with the FT ([Figure 8](#f8-ijwh-9-199){ref-type="fig"}) or the GA ([Figure 9](#f9-ijwh-9-199){ref-type="fig"}) in an inverse relationship (*R*^2^=0.49, *P*\<0.001 and *R*^2^=0.516, *P*\<0.001, respectively). It approached 0.9 when the FT was around 25 mm ([Figure 8](#f8-ijwh-9-199){ref-type="fig"}) or beyond 17 weeks gestation ([Figure 9](#f9-ijwh-9-199){ref-type="fig"}). Therefore, one would have to refer to the GA-related FL to FT ratio when fetal abnormality is suspected in early gestation (eg, Down syndrome[@b17-ijwh-9-199] or skeletal dysplasia[@b13-ijwh-9-199]), instead of using a uniform figure of 1 which researchers have established for later gestation.[@b18-ijwh-9-199]

The FL to AC ratio, a parameter also used for prenatal assessment of skeletal dysplasia,[@b13-ijwh-9-199] was found to increase with the GA in early pregnancy in this study as well, and reached 0.16 only beyond 15 weeks gestation ([Figure 10](#f10-ijwh-9-199){ref-type="fig"}).

Limitations
===========

The main limitation of this study is the small sample size. However, the correlation of the parameters was statistically highly significant (*P*\<0.001). Our results also correlated well with the results of other studies.[@b3-ijwh-9-199],[@b15-ijwh-9-199] This is a retrospective analysis, although the data have been collected prospectively.

Conclusion
==========

The fetal FT correlated linearly with other fetal measurements including BPD, HC, AC, FL, CRL and estimated GA at 10--16 weeks gestation. It could be used alone or in combination with other fetal parameters for assessment of fetal GA. The correlation with CRL is the least among the fetal measurements. A combination of fetal parameters may be better than CRL alone in the assessment of fetal GA in early pregnancy. Caution is required when using the FL to FT ratio and FL to AC ratio for the assessment of fetal abnormality in this period, as these are not of a fixed value but rather increase with the GA.
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![The measurement of fetal foot length on ultrasound.\
**Note:** The fetal foot length is the longest length in the long axis of the fetal foot, measured from the most posterior tip of the foot to the end of the first or second toe, whichever is longer.](ijwh-9-199Fig1){#f1-ijwh-9-199}

![The graph of the estimated GA against the fetal FT.\
**Notes:** The estimated GA showed a positive linear relationship with fetal FT. The regression equation is as follows: GA (weeks) =0.335× FT (mm) +8.845. Adjusted *R*^2^=0.816, *R*=0.90, *P*\<0.001.\
**Abbreviations:** FT, foot length; GA, gestational age.](ijwh-9-199Fig2){#f2-ijwh-9-199}

![The graph of fetal BPD against the FT.\
**Notes:** The fetal BPD showed a positive linear relationship with fetal FT. The regression equation is as follows: BPD (mm) =1.243× FT (mm) +7.539. Adjusted *R*^2^=0.945, *R*=0.97, *P*\<0.001.\
**Abbreviations:** BPD, biparietal diameter; FT, foot length.](ijwh-9-199Fig3){#f3-ijwh-9-199}

![The graph of fetal HC against the FT.\
**Notes:** The fetal HC showed a positive linear relationship with fetal FT. The regression equation is as follows: HC (mm) =4.407× FT (mm) +31.324. Adjusted *R*^2^=0.95, *R*=0.97, *P*\<0.001.\
**Abbreviations:** FT, foot length; HC, head circumference.](ijwh-9-199Fig4){#f4-ijwh-9-199}

![The graph of fetal AC against the FT.\
**Notes:** The fetal AC showed a positive linear relationship with fetal FT. The regression equation is as follows: AC (mm) =3.835× FT (mm) +23.017. Adjusted *R*^2^=0.943, *R*=0.97, *P*\<0.001.\
**Abbreviations:** AC, abdominal circumference; FT, foot length.](ijwh-9-199Fig5){#f5-ijwh-9-199}

![The graph of fetal FL against the FT.\
**Notes:** The fetal FL showed a positive linear relationship with fetal FT. The regression equation is as follows: FL (mm) =1.029× FT (mm) −3.807. Adjusted *R*^2^=0.937, *R*=0.97, *P*\<0.001.\
**Abbreviations:** FL, femur length; FT, foot length.](ijwh-9-199Fig6){#f6-ijwh-9-199}

![The graph of the fetal CRL against the fetal FT.\
**Notes:** The fetal CRL showed a positive linear relationship with fetal FT. The regression equation is as follows: CRL (mm) =4.291× FT (mm) +17.635. Adjusted *R*^2^=0.798, *R*=0.89, *P*\<0.001.\
**Abbreviations:** CRL, crown rump length; FT, foot length.](ijwh-9-199Fig7){#f7-ijwh-9-199}

![The fetal FL/FT ratio against the FT.\
**Notes:** The FL/FT ratio increases in an inverse relationship with the FT. The ratio approaches 0.9 when the FL is around 25 mm. *R*^2^=0.49, *R*=0.7, *P*\<0.001.\
**Abbreviations:** FL, femur length; FT, foot length.](ijwh-9-199Fig8){#f8-ijwh-9-199}

![The graph of FL/FT ratio against the estimated GA.\
**Notes:** The FL/FT ratio increases with the estimated GA in an inverse relationship and reaches 0.9 at 17 weeks gestation. *R*^2^=0.516, *R*=0.72, *P*\<0.001.\
**Abbreviations:** FL, femur length; FT, foot length; GA, gestational age.](ijwh-9-199Fig9){#f9-ijwh-9-199}

![The FL/AC ratio against the GA.\
**Notes:** The FL/AC ratio increases with the GA in an inverse relationship. The ratio reaches 0.16 beyond 15 weeks gestation. *R*^2^=0.704, *R*=0.84, *P*\<0.001.\
**Abbreviations:** AC, abdominal circumference; FL, femur length; GA, gestational age.](ijwh-9-199Fig10){#f10-ijwh-9-199}

###### 

The linear regression models predicting fetal parameters using the foot length as the predictor variable

  Dependent variable          Slope   Intercept   Adjusted *R*^2^   Probability
  --------------------------- ------- ----------- ----------------- -------------
  Estimated gestational age   0.335   8.845       0.816             \<0.001
  Crown rump length           4.291   17.635      0.798             \<0.001
  Biparietal parameter        1.243   7.539       0.945             \<0.001
  Head circumference          4.407   31.324      0.950             \<0.001
  Abdominal circumference     3.835   23.017      0.943             \<0.001
  Femur length                1.029   −3.807      0.937             \<0.001

**Note:** The fetal parameters are measured in millimeters and the estimated gestational age in weeks.
